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(54) Replaceable 1^ lamp capsule 

(57) Open LED chips (22) may be arranged directly 
on the surface of.a replaceabl^^^ (10) with- 

out Intervening packages that reduce bveralMi^ht emis- 
sion. The chips (22) may be oriented in such a way that 
^the lamp generates a unique "dpnur shape radiation 
pattiem, which Is suitable for a flat and shaHow. sieeond- 
ary optics to colflmate the light into a desjred.beam pat- 
tern,' and to reduipe^'the un$e3thefic':appeaFah6^^ 



Ypoint^bf light In an bniboker^s view. The LED chips^(22) 
are \driV!Bn:ih such a way that bhe chip falls, the w^ 
lampfgtlstb^^^ 

time tllfe. heat generated by theXED chips (22) may be 
cohdubtediavi^ siippfort structure (1 6)- to pbssl- 
vehbltfs^eet rn^l t^^ of the LED^bftlp. 

i^ie;^^s^^ 6f thl^ LED larrip nri^akes yiis^^prba- 

uct more^^Dst^^ toube^uisbd iiVbroactei'llg^ 

ihgajjplications: •■ . . ; ; 
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Description 

1. TECHNICAL FIELD 

[0001 1 The Invention relates to electric lamps and par- 
ticularly to replaceable automotive lamps. More partic- 
ularly the invention is concerned with replaceable auto- 
motive lamps fornied with LED chips. 

2, BACKGROUND ART 

[0002] Most automotive signal [amps currently use In- 
candescent filaments, gas diischarges or liglit emitting 
diodes (LEDs) as light sources. Typically tK6 li|ht is re- 
flected by a simple mirrored surface thbagh a 
lens to the illuminated field: The pkckatje d^^^ of 
these assembles are typically about 3 to 6 Inches, and 
they have a projection surface area of 25 square Inches 
or more. To mahufaclUre vehicle lamp ihinh this 
requires a highly complex rejfleiiitd^ 
whose components are expensive arid sii^d^^^^^ to 
functional and cosmetic defects. 
[0003] As initially manufactured, ah LED chip is cut 
from a semiconductor wafer. This initial piece is called 
a die. LED chips arc commonly mounted in a supporting 
package, which is then mounted as a light source. It is 
this plastic padcage encasing the LED chip what is com- 
monly seen and referred by users as an LED. A portion 
of the generated light is necessarily lost to the package 
and the associated reflectP/ structures. Minimi:^ing the 
package shadow, and maxinriizingthe reflectivity In the 
package cavity ;are riepessary to achieve a good pack- 
age design. None the less, even a good packaige cavity 
ahisbrte^a signlf icaht 

degree of absorption can be signfficaht In automotive 
lighting where ele^^^ 

minimal weight are Irnportant objectives. Th^ ty^ 
f ranf>e and reflector structure are uisually SQ close to the 
LED chip that they trap the heat that then reduces the 
life of the LED chip. LEDs provide snrrnll, relatively effi- 
cient light sources, but to gerierate sufficient totafl^^^ 
many LEDs must be ganged together. As a result, when 
the LED's are used in an optical system they commonly 
appear as an unaesthetic cluster of bright dots, there 
is then a need for a different mounting scheftie to more 
effectively use die generated light from an LED. there 
Is also a need to reduce the heat generated by the LEDs 
to enhance their life. There Is a further need for a differ- 
ent mounting and optical system to create a more e^- 
thetrc light pattern from the light generated by the LEDs. 

DISCLOSURE OF THE INVENTION 

[0004] A vehicle light source may be fonmed as a re- 
placeable tamp capsule having a support defining a 
lamp axis extending in a f onA^ard direction towards a field 
to be illuminated, the support directly supports one or 
more LED chips, each LED chip having a predominate 



LED axis of light emission, the majoril^ of the LED chips 
being oriented so their respective LED axis-s fomri an 
angle with the fonvard lamp axis direction of ninety or 
more degrees. The emitted light may then be directed 
5 by a reflector in the fonward direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] 

FIG. 1 shows a cross sectional, schenr^atic view of 
a lamp assembly. 

FIG. 2 shows a cross siectional view of ah LED 
mounting. 

15 FIG. 3 shovi^ an atterftatiye cross kectibniil view of 
an LED mounting. 

FIG. 4 shows a transverse vieW of a support with a 
single band of LED chips. 
FIG. 5 shows a trahsvehse view of a support with a 
20 multiple bands of LED chips. 

FIG. 6 shows a cross sectipnal, scherniatic view of 
a lamp assembly With a Fre^hel type refl^ 
FIG . 7 shows a side perspective view of an alterna- 
tive capsule structure. 
25 FIG. 8 shows a side perspi^tive view of ah alterna- 
tive capsule structure. 
FIG. 9 shows a flexible mounting. 
FIG. 10 shows a lartip capsule supporting 
mounting. 

30 FIG. 1 1 shows an alternative cross sectional^; sche- 
maboyiew of a lanp assemribiy^m^ 
^ FIG.42 shows a sch(SiT)€^layo:ut of ^LEE^ a^^ 
asupport. ■yx- r 

35 BEST MOPE FOR CARRYING OUT THE iNVENTION 

[0006] The preferred LED cfiip la[np systerti c^rnpris- 
es a feplaceablef^ LED lamp capsule 1 0 that fits in a re- 
flector 12 and lens 14 housing. The prefen^ed replaced- 

40 ble LED lamp capsule 10 comprises a support 16, for 
one or more LED chips 22. FIG. 1 shows a schematfc 
lamp capsule posittoned in a smooth reflector and Jens 
housing, the lamp capsule is held in position by a bay- 
onet coupling to the reflector that is held in a shallowly 

45 Indented vehicle hull; and sealed with a compressed 
ring type seal. Light from the LED Is substantially 
blocked from f onward (axis 9Q) view, but is projected 
skieways and then generally reflected fonward. Thecap- 
sule 1 0 may of course be sirnilkrly located in other hous- 

50 Ing structures. 

POOT] The preferred support 1 6 is f omned from a ma- 
terial with high heat conductivity, such as a metal. The 
preferred support 16 has an umbrella or mushroom like 
shape with a head 1 8 portion and a base 20 portion. The 

55 head i 8 and base 20 portions may be aspects of a single 
piece or may be Separately formed provided, in the pre- 
ferred embodiment, they are coupled to enable good 
heat conduction from the supported LED's 22. For ex- 
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ample, head 18 and base 20 may each be formed from 
metal and then screwed or otherwise joined together. 
[0008] The head 1 8 provides a surface to mount LED 
chips 22 oh so as to generally face away from the field 
to be illunhinated and towards the base 20 or reflector 
12. The support defines a lamp axi^ 90 extending in a 
f onward direction towards a field to be iiluminated/and 
each LED chip has a predominate LED axis of light 
erhlssion.' In thei preferred embodiment, a majority of the 
LED chips are briehted so their respective LED axis 92 
fonrns an angle 94 with the fbnward lamp axis d 
of ninety or more degrees/ Further/ each LED chip Has 
a tteld^^f lllunriiriatioh, ancf e^^ 
chip is oriented and has a suffidentty brbiid^field bf illu- 
mination to overlap at least partially at l^^st the f ieids of 
illumination of its respective heiitibst^^ 
" chfps^.lh ■ohe^embodlm^m gynbral 
ishape of ai frustum of ai eonew^^ 
tibh fadhg idWijids the field of illunriinktronV^ 
sidi^ faces iHe'r^^ 12l'THe -head tS^^theh has' a cir- 
curnferentikl edge 24 and an Inward facing surf ace^^ 26. 

• Ohe or more LEDchlps 22 aresuppblied dh tHie sudac^ 

• 26,:ahd are •electrically coupled in series. * v -: : > : 
[0009] A senes= circditrfbr the' LED dhipis may be 
formed direetiybri the surface of the heaLdtB; Ah'^^^ 
pnate'pattenni :bf dielectHb layers^ ahid lines 
may be laid outbn/the surf abe 26 of the Wppbirt i 6-gbh- 
erally; head 1 8 or base 20 creatihg a senes of cplipling 
regions or pads for the IridividiiahLED chlpfe^ 

•llrikied byMBldctricalisupply lines ^Fldi: 2 sihbwsva Sub- 
strate 30; coated witha dielectric 3^ tuni suppbrts 
conductive Iinbs34,v36- An LEOchip 38 issupbbrted on 
a flrit :side t& padvarea bt line 34^ A bridge^?wire^ 
couples aisecohd'slde of the LED chip 38 io the 's^hd 
line 36; FIG; 3 shows ai similarstructure whei-eiri thb sub- 
strate is indented to fbritia^^ 

In a pref ef r^ eifibd* nriotinted 
in :ah ind(Bnted wells fbi^ the h^M-ln^the bbtt^ 
of a first well is a cbhdudive^^^^ af irst LED 

chip is mouhtcid ohV When:^ 

tishds approxirfiaitbly hbrizdntally from the top of the LED 
chip to ia contact point niiad^^^^^ 
to a conductive extensioh that leads to ah adja^^^ 
ond well and a secorid cathode pad contact jjrbvld^^ 
the second well. This patterh then extends; arotind the 
headpi-bvldihg a ierlesciircuit'Of "the^ 
The' head . may- be. formed - a^^^ a-separate disik with' 
sloped surface that is populated with LED chips 'by h> 
tating it on an assembly lathe. The disk is theri coupled 
to a base portion of the support, and appropriate elec- 
trbal connections are nrmde to the series circuit. 
[0010] Known photochemical methods hiay be used 
to create the circuitry. The LED chips 22 are then mount- 
ed directly on the pads to complete the circuit; FIG. 4 
shows a transverse view of a head 18 with a single band 
of mounted LED chips. Eridrcling the side surface 26 of 
the head 18 is a dielectric band 42. A series of twelve 
conductive-pads 45*etectricatly linking to bridge points 



46 are symmetrically spaced along the dielectric band 
42. Twelve LED chips 44 are then mounted to respective 
pads 45 to electrk^ally couple to the bottom sides of the 
LED chips 44. This bottom side coupling also provides 

5 heat conduction to the head 18, from the LED chips 44, 
and orients the LED chips 4416 propefiy direct the eriilt- 
ted light. Spanning frbrh the bridge pbirits 46 to the tops 
of the next adjacent respective LED chip 44 are bridge 
wires 48. Coupled to the stiait and ehdpoihts of th^ se- 

10 ries circuit are a first lead wireSO and a second lead wire 
5l\The 'lead" wire 50^ 52 are ducted thrbijgh the coi^e of 
the support 16 for electricail cohnectioh bri the eiteribr 
bif thle assembly. LED'chips&re^^ 
-against mbistui'e and to'jirofebt the cbhrrecting wires to 

»5 thb chip: Here ah appropriate cbatih'g^ as a silicone 
':oriimiiar m khbwh in the art m^y byercbk the 

• ilED'chip' ass^^ and cbhnectibhs'(ribt shbwh):^ 
' or mbre s^bries g^ niay also be'created, 

groupingvpnWi so that two or 

20 mWr^e light levels ar#iav8illabl&:-^^^ 

ample may then provide rbd,:anrtl5^r and viirhite light ac- 
vcbrdihg to diffbrehtcirdult selections'^ ^ rhii'ltiiile 
ringls W the^same LEl5.chT|i may bef used fbi'iow 
ahd^high light bui^ptits:. FIG. 5 shoWs' ^ trahsyerse View 

25 o^a h&fiid ;i 8 W of LED chipsi^ : • 

[bOttJl '^ili^ iDaseSofurthei^.ihc^^ 
-plihg 60 :tb^^^ 
ing such^Ss a re^ 

^ririay tfera "bij^ii^ti^readed;^ botipiirig 60^ as 

30 "inrig^ be^b^ of design 

chbk^er:TOe:^ie^^ Id^aci 62; ;64' aw SirHilariy^ducted 

throiijgihJth^/cbupliri^^^ 

thW;e)cteiibi:^^^^ 

^66f:66Plrt^'the*^rt^ (OTbbdW^ 
35 rnSde/bf metali^ and has a;Gbublihg 60 prxividi^ 

m^teltpririetelcb 

g&b3 theroaf^ 

to the vehfclei The b^se 20^pJ6rtibri 
^xlbh^ tht^^LED chips 22 to^a^pmpe^ depthrih^thebptical 

40 'hdusing f6mpd by -thfe.refleiSQr i 2 and lehb 14 cavity, 
tin brjbther Variatlbh;>suppbri^ 1 6 has vSuMcieht -Surface 
airea thlat .thbririal radiatibh:f rbrh 'thb and b^e 

20 issi^ff icienttb keep the LEDchip^ 22 cbbi] No thenrial 
contact lis thien needed betw^ ikhd the 

45 Vehicle- ' In- another variatiohj the b&e 20 portion may 
jiiiciude bh ah exterior'side cooling other hbat dis- 
slpating;stru6tures ekpbsed bh -the extb thb base 
20: FIG. :6 fshows a lamp capsule 70. Wk^^^^^ 
conductive flange 72 abutting.a vbhfcle hull 74 U8ied:a8 

50 aheatsink; . ' ' , . . 

[0012] In the prefen;ed ernbodimentthe LED^chips 2i2 
are coupled bn the edge bf the circumferential edge of 
the mushroom head 1 8 or 6n a side surface of the base 
20 so as to generally face the reflector 12. Light from 

55 the LED chips 22 Is then cast substantially in the direc- 
tion of the base 20, and the reflector 1 2. Little or no light 
is shown:dlrectly into the illuminated field. Ught from a 
side edge of an LED chip 22 may be cast directly in the 
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forward direction. Light cast from the brightest surface, 
usually the top, of the LED chip 22 is substantially cast 
in the direction of the reflector 1 2. In the preferred posi- 
tioning, the LED chips 22 are positioned sufficiently 
close to each other around the support 16 circumfer- 
ence so that adjacent LED chips 22 c&sX over lapping 
light patterns onto regions of the reflector 1 2. This light 
is; then reflected f onward in an appropriately spread, fo- 
cused or othenwise directed pattern . By overlapping the 
LED chip 22 source light on the reflector 1?, the individ- 
ual dot patterns typical of the LED chips 22 are rnerged 
Into aliatrger, less sha^^ pattern. In asimilar 

fa$hiQn/the IFght ^ 2P may be re- 

flectpd from the surfac(B of the base 20 towards the^ re- 
flector 12,lwhere it js^ reflected again and rnerged into 
the oyeran projected light pattern. The base zp may^be 
made refiectiye to enhance this reflection. The Individ- 
uality of each LED chip 22 Is-then substanti^ly hidden 
in the dverall lighLpatlem, and the xlotted character 
the ifinal HgW pattern Js d 

[0013] LEQchips 22 can currently provide up to about 
.4 lumens each at arfjout 50 rniliianrips. Some are mpre 
(efficient than others, and yarious.colprs are availpbte^ 
The number of LED chips needed for a lamp qapsule 
depends: on the lamp purpose and the efficiency of the 
l_Ed:Chlpjs:3A;^^ 

35 tumeris projected into the field of; illurninationv Cur- 

iBntiy, -LED chips withiave^ 

abptit 2:7 lofnens each, so abotrt ts LED chips ^are 

needed to pro^ necess^ry^anipunt pf liglrit. LED 

eifffclencies; ate ;risinig;;rapijdlY, and currently LEDs with 

40 lumens per a »n/the year 

2obi;C^stan#^ 

In the seleetion 0^^ On balancf. it is believed 

that a^larger nunriber of |^ss| bright- LED chlp^, oriented 
.to i^riap^eir re^^ patterns provides b^er 

light dlirlbiitloira^ 

iQ0t4]J Ttie::LEP chips 22 ^are^put out of their original 
rnanufacture.asf approxinriately square plates having a 
sld^ Wngth pf about 0.30 millimeters. The actual size 
may vafV according to appropriate LED chip design. 
An- LED chip typically sup^^^ 10 percent of the total 
emitted light frpni each of its four side surfaces. Approx- 
imately 6Q%Qf the ernilted ligt)t Is emitted from the top 
square surfacevUttje or no light Is emined 
of the LED chip, The; light distribution pattern at each 
emi^ion point along the LED chip is substantially Lanv 
bertlan! The LED chip is mounted in a preferred optical 
system that allows the light from the LED chip 22 to be 
distributed. in a uniform manner The radiation from the 
LED source is preferably made as unifonn as possible 
toreduce eye fatigue and health hazards, and eliminate 
the unaesthetic dotted look. 

[0015] In the prefenred embodiment, LED chips 22, 
meaning the semiconductor elements without individual 
enclosing plastic optical structures are mounted directly 
on the support 16. It is understood that direct mounting 
may Include intervening dielectric and conductive layers 



necessary for electrical operation of the chip. Directly 
mounted refers to a mechanical connection sufficient to 
provide good themnal conduction from the LED chip to 
the suppprt. Without the typical enclosing typical encap- 

5 sulatlon structures, there is then little oriio light lostfrom 
the LED chip 22 to those stmctures as is typical of en- 
capsulated LEDs. The natural light distribution can then 
be used directly in soh/ing a particulartasfk lighting task. 
The protective coating can be further formed to jncrease 

10 a preferredJight dlstril?Mtipn for.the LED capsule,, 
example, the coating material may Iprm alens,; ^ri entry 
to an optical fiber or a similar refractive pr reflective el- 
errient to guide the Jight Thl^ is an irnportant funption 
for prpviding the |hinnestoptl<^ package; for exiarnple 

15 one less than a centlmieW r' :- ' 

[001 61>^, Direct njou aifeo leads to 

.little or jnoiir^ppd heat,, ^d the heat that Is gervpratpd 
is efficiently cpnducted away through the support, •pref- 
erably to a large sun-punding mass, like; a^vehicie body. 

20 Heat sinking the LED chips to the vehlpje . bull substan- 
tially , Iricrea^e^the LED chip. 22*s expected lif^:^^ one 
embodirrient of the invention^ the Mna^ 
fixed to the vehicle sheet metal forming the vehicle hull 
;to ensure heat transfer and a rpf erenpp: Ipc^tibh. The 

25 fa^t rate.pf heat transferifrom the; LEP^cNlp: 2^^ 
desirable; Cpndac«ncfhe#ironv^ 
esAhejunction teiriperature^^^^^ 
cureiiori andALEDljfe^^^^ ' ; - 

[00171= The prefefred lamp assemljly^ h 

30 I2;haying a refiectiye surface ptfe 
aroU!nd^hQ.suppo^^ 

chips 2^ towiands afi^ be JIfunriihated. A prefen^ 
reflectorlj^ is general shapectwmi: agreater di- 
ameter75thah height 76. In the prefen-eid enribodim^ 

35 the.height 75;of the ref lector 1 2:isJess1i^ 
etei:s. the particular shape pf the refle^ 
achieve a prefen'ed beanrr pattem^ta matter:j^ 
chdfce^thpughttp be wit^ 
An altenriatlVelypr^^^ 

40 fiectpr^80.,^he Fresnei ;r$^le<Aor 80 fenables^^ 

less deep optical housing. FIG; Bvshpws a cfoss-sec- 
tipnali scheroaticview of a larnp assernbly with a Fre^nei 
type rjeflectpn A retainer, suG^^ 
is fofTned;with a shallow indentat^l^^ reflectpr^BO and 

45 lens 82 housing are posltlpnpd In the Indpntatlon. The 
lamp capsule 70 Is Inserted thrpugh passages lathe ve- 
hlclehull 74 arid reflector andrlatched in place for exarh- 
pie by a bayonet assembly 84. The latch presses a heat 
conductive flange 72 againstthevehiclehull74!^^^ 

50 acts as a heat sink for the lamp capsule 70; Light from 
the LED chips is Initial projected in a predominantly ra- 
dially dlrectlon. The Fresnel reflector allows the Jlght to 
be reflected In a predominantly axial direcUonv while en- 
abling the axial dimension of the ref lector to be reduced 

55 in comparison to a smooth reflector. The height of the 
capsule 70, the angle of the LED chips from the capsule 
axis 90, and the faceting of the reflector 80 may all be 
varied to effect the light distribution In the resulting 
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beam. 

[0018] . The preferred lamp assembly 10 has a light 
transmissiye tens 1 4 cooperating with the reflector 1 2 to 

substantially enclose the support 1 6 and transmit light 
emitted directly from the LED chips and light reflected 
by the reflector i 2. A clear polycarbonate lens 1 4 similar 
to those used in automotive lighting is Suggested. The 
lens 14 may include any number of various- tens ele- 
ments iis is'cbhnmon to automoth^e lighting. In the pre- 
ferred embodiment the lens 14 has a material thickness 
of about 1: 6r:2 millimeters; with an overall thickness due 
to durv^tuj^eofonly a fMcbhtinrieters. When in position 

•to cooperate' with the lamp c^^^^^ i 6, the preifei-red re- 
flector 12^ ^hci lens 14 combination has an overall thick- 
nesis of 7.6 centimeters: It is understood that making the 
optical package ttilcker is not difficult/ making ft thinner 
can be, In the prefen-ed embodiment the reflector 1 Zand 
tehV 14? assembly Is leW tHan 3 6r 4 centimeters thick. 
Ah assembly about 2.i5 c^htimet^^ been buili; aind 
it is expected tHiat assefinbiles^iabbut 1\6 centiiiieters 

: ;deep: can; be constructed: The lens 1 4 coveip nriaiy be 

- clearcirdblored;^^^ ol' anriber, and may or may 
;nbt^hclude;tehs:features. 

[001:91 l\46untihg 

.1 6 such iasitKat shown resutts^in FIG; 1 v in a non-sym- 
mefiical; for Example torotdalv light dikributibri.: The 
highest light output is appiiSxImiately normal to the sup- 

- port 1 6 :su^f ace^(^ gO): the "donuf: tight distribution 
pSftem Isvuse^ pack- 

^ aiges;as^howh ih^^F^^^ 1 ; 6 ahidvl i : The uriifoniiity of 
:ithe ihtiehisity petoem enhanced 

byaisirig^aiiaircje^ 

siveyCED^hlps?^ 

in cohnfpJarfebh to using fewer, for ekample four, but high- 
er output LED (and more expensive) chips placed 90 
degrees apart. Also distributing the larger number of 
lower oiJitput LED chips 22 around the support 1 6 at lows 
heat to be more efficiently and safely vconducted to the 
support 16, than if fewer, but higher butputlED's were 
used, Qr)jS:may seek, a single nnost efficient LED as a 
spurge ort the; bfeli^ highly; efficient LED 

chip proyides thef liea^^^ cbst^|n fQ:pt^^the light from 
a single LED chip is sb concentrated that it acts like a 
fllamenty and the light from it needs to be Spread and 
directed.by reflectors and lens.es;. whicfr cost money al- 
so; The efficient balance lies In havlnjg the least expen- 
sive lens and reflector isystem that mieels the task. This 
Indirectly implies more, but less bright LED chips to 
spread the light sooner rather than later 
[002b]: = If a s6urce;ls built with ten or.twelve LED chips 
22; then jight from several LED chips; perhaps three to 
five .LED chips 22 direct light onto each point of the re- 
flector 1 2. The remaining LED chips 22 are behind (ob- 
scuried by) the support 16. The light intensity along the 
reflector surface then varies, by pertiaps only 1 0 to 20% 
depending on the number of LED chips 22 that can be 
seen, but this distribution is substantially nriore even 
compared to straight on viewing of an LED array 



[0021] By mounting the LED chips directly on the sup- 
port 1 6. a higher total light output may be achieved, than 
would be possible If the LED chips 22 are. packaged in 
SMT packages. Similarly, by nibunting the LED chips on 

5 the support 1 6, a substantial amount of hbat is conduct- 
ed away, thereby preserving the lamp's life. No meas- 
urements of lifb improvemeht have been hriade by the 
Applicants, but it understood to be true bh engineering 
principiles. the series' cbnsthiction teduces the helid for 

^0 high output, and high cost LED chips providing 4 to 6 
lumens bach. The oyerall structure enablW the cpn- 
sfruction of a steriidardu^^ biiib; Dlfergnt h<)u^g 
structures arid stylds^ ran t^^^^ be deslgribd'^rouhd the 
standalfd Idiinpca^^^^^ 

'5 ' of tile lamp ihd the'Vefl^^ arid therefbre minifhiib^ 
the overall lahrip and vdhicle cost, the LED cap^sute has 
a substantially reduced package depth, allowing' v^^^ 
niakers tdivredtice the: "siize^ of ciits in the body hbl 
lamps., ■• ■ •-■•'•^ '-"'y'L': '■''"•-;v"'' 

20 10022] : FIG. ;7 ^^hbWs a'^ide^pefrsptebtive/^ 
vibw of ah alternatiW c^p3ute i^^^^^ 
\100fesub^s'tahtially 

circled tHb support 100! A series of separated conduc- 
tive pads are positioned around the support.^ LED-bfiips 
25 ai-e^^ositibried^brt^^^ 
couple adjacehtLE 

five jpad thereby foiTnln^ the inpufe teabs 

and output feadf to 

thif^ougiftliesup^ 
30 ^^bxtbricte over the^ LEDv^ a Heat 

cbnd|uctiveferi^b 1 0Bf^d k tfir^jkled cbupling 1j08 to 
ipre^th^^fjsinQb^^ { 

'id6231- Fl^ 

view of ah aftiernati^^^ 
35 1 1X)^^is ^substantially cylinclrical i vvith si :ciiTHJmf^rential 

grpbybi^^ 

pre-wjred pnjKcircdja^ a flexible band ;1 i 4ltTat 
may be benfrarouhdthe. sU^ 1 4'acts 

asaniint0TOediate6 

^ 6^the^LED;bhlpJ^1h:e^ 6pbr^tiph^the^ 
of LED bh^ is coupled to the support; for^ex^rrplig^tiy 
cbnstraJnirlg it: In; a grobvei. Again,? the ih^ and 
:outipfut^leads-te^it^ cirajit= (not ;siibwn)f4f(b; ducted 
^thrbu^hthb^suppbrti - . - . . - vi^ -- ;- 

^5 .:[O024] Fia s shbws afle)dbled^^^ 

^foraclrculf ot LED chipsVthe:clrcuil:lsfofe^ aflbx- 
ibie plastic material In the form ^^^^ 
spbkes. Cbndubtivenietaliriaces i 
hub and spdkbs 124: One trace extends from In^M^^^ 

50 contact on the hub out a first of the spbkes to an ahode 
contact: A second leadextends back from the first spoke 
and then out an adjacent second spoke; The second 
lead ha^ three ciEithode contacts positioned on the: end 
of. the first spoke arid at the opposite end anode contact 

55 formed oh the end of the second spoke thereby. provid- 
ing mounting areas for an LED SMTs or LED bhip if al- 
temativeiy fonmatted as previously described. Siniitar 
second leads continue the circuit layout around the hub 
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and spokes to end with a final out put contact in the hub 
area. The encapsulated LED SMTs are then mounted 
on the anode and cathode contacts. A centi^ail LED SMT 
may also be mounted in the hub area. The circuit then 
provldiBS a series coupling for nine LEDs, The .hub and 
spoke stmctijre is then mounted on the support and 
leads coupled to provide ppvyer. The flexible spokes are 
then bent over the edge of the cap to position the LED 
capsules on the inner rirn of the support and held in 
place by. an . appropriate mean§, for example glued by 
epox^ snagpe^ down by a 

^nap ringer i^^^ mechantcalmeans as one sk in 
the art may as a matter of design ct;»oice, ill is an- 
tfcipated ftial vehicle ele<^ nse XQ be 42^yolt 

k]^tCTns, which wbuld support longer^serial chains- of 
.-.LEDchjps. ■ . . ' =- 1^-. .- 

; [0025^^:" ; F^^ laiT^cajasulesuppoitingsuch 
a fiexible mounting, the mounting supports Sivrrs. that 
have been bent into position underneath the umbrella 
Jite head of the support. The support Is rriade of ixi^tal 
and has a threaded base. The lower sidewaij of the sup- 
port, provides a ref lective skirt to direct light /sideways 
•dya^frorrithesuppo^^ ... : 

[0p26],- . flG^ tl shows an altemative cross^ectional. 
schernatic view of a jantip assembly mounting, Th^ 
:hJc!^hijll^4ail^ 

by kj2 or 3 centiiTietefs mounting hol|^ may^be 

vforrtted in the ind(^nted/egiorr.^n LEQ capsiUjiiis 
.:ed in onit^pttth^^ corvductlrig flange 

: 142;madebe^^^ 

140. A hieat cohductlve;,f lange 1 42 brrtiie^ LED oapsule 
ispressed. 01T one s^idej^^ 

sembli^heldvby-^ thread shaft; 134 arid nui a^erhbly. 

tI^b fiahge 1 42 tl^^n^provldesa thernrialcoup^ the 
: vehicle h^^M^<!©^ 
; Anioptical a^s^ 
^iile;^presslngkgal^ 

- ond sid^ of thef langel ■ The bjatlcal as^^ 
V: inpludg; a ij^ 136 and i^ns defi^ 
c^M^ft^ ^e^ppfdcdl €[SS(iTiWy : nfjay 

^besimilarjy^a^ 14Q4forexahfiple 
^byttii^ 

bayonet latches t>r any of a variety of ^imilai^ known me- 
chanical couplings may be chosen tp; nriouht the LED 
bulb or me pptical^ the vehfcle hull. $fnSllarly 

the seal may be structured Iri a variety of knpwrvfonriats. 
The support .13.0: has curved ref lecUve surfaces 13^ to 
direct light sidewaiys from the sup 
[OC^ . .Fie.;-12 ?hows a schematic^ l^ of LEDs 
around a support. luEDs emit a substantial amount of 
light from theirsidle faces, tf they iare mounted too close- 
ly they mutually interfere with the total emission. The 
prefen^ed arrangement is to position the LED chips 
around the support so that the side wall emissions from 
adjacent LEDs pass unobstructed over the adjacent 
LED. The particular spacing depends on the radius (cur- 
vature) of the support; the thickness and ariy mounting 
height of the LED chip and the width of the LED chip. 



Simple geometry then detennines a maximum permit- 
ted number of LED s that can be mounted without shad- 
ing the total output. In FIG. 1 2 af irst LED chip 1 40 having 
a side wall 142 and a second LED chip 144 having a 

5 similar side wall 1 46 are each arranged approximately 
tangential to the support 148 to face perpendicularly 
away from the support 1 48. Each LED chip 1 40, 144 and 
the respective side walls 142, 146 are adjacent one an- 
other, albeit separated one from another by a distance. 

10 The support 148 has sufficient curyatMre intermediate 
the first LED chip 140 and thesecortd LED chip 
that light emissions rays 1 50, 152 nonnal to thef irst LED 
skie wall 142 pass uhintercepted over the second LED 
. side wall 146 the field to be Itluminated, whtoh may be 

15 a reflector surf ace. Equally the rays normal to side wall 
146 miss side face .142. . 

[0028] tn operatiofi, a voltage is generally applied to 
the series of LED chips with a value of apprbximately 
2,5 limes the number of LED chips in the series. 

20 applied voltage can be supplied by a simpfe power sup- 
ply. In the event one LED fails, the whole lamp then goes 
out, leading the user to seek a proper replacement if 
the LED chips are connected In parallel, successive 
LED failures then go un-notlced as the light dims slightly 

25 with each LED chip failure. These successive. failures 
deceive the user into believing the lanrip is s^^^ 
when In factjnsufficient light is actually belngpreyi 
i;ob2i9>l While there have beeni^hownvandvdescribed 
what are at prissent considered to be the preferred em- 

30 bodHHerits of the inventibn. it-wilf be jappareritto those 
skilled in the art that yarfous changes and m 
can be made herein without departing from the scope 
, of the invention defined by the appended claims. : 

..Claims 

1. A vehtete light source comprising: 

40 a replaceable lau!np ■capsule having a 

directiy supporting one Of more LED chips pro- 
viding substantially direct emission of light. 

2. The Jight source In claim 1 , wherein the support is 
45 made.from materiiai having a high thenmal conduc- 

th^lty to conduct heat away from the one or more 
LED chips. 

3. The light soulx:e in claim 2, wherein the support in- 
50 eludes a base structure including a coupling to latch 

the light source to an external body, the base struc- 
ture further including a heat transfer element to ther- 
mally conduct heat from the support to a heat sink. 

55 4. The light source in claim 2, wherein the support in- 
cludes a metal thermal conductor for ducting heat 
from the LED chip to an exterior heat sink. 
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5, The vehicle light source in claim 1 , wherein the sup- 
port has a head portion providing a surface substan- 
tially intermediate the nnajohty of the one or more 
LED chips and the field to be illuminated at least in 
the forward direction. 

6: The vehicle light source in claim 1, wherein there 
are -three or more LED chips' positioned radially 
around the support, each LED chip has a field of 
illuminatloh, and each radially positioned LED has 
a respective nearest neighbor radially positioned 
LED chip, is oriented and has a sufficiently broad 

- fielb'bt llltiriiirlatiori sb^k^ 

^at^ ieastvthe field of iiluminatlon of ther respective 
niedrefst neighbor radially ppsitlone^^^^ 

7- The vehicle light source In claim 1 , wherein a first 
group of LED chips are pdsitrbried to forhri a con- 
nected path around the supporL 

8. The vehicle light source in claim 7- further having a 
second group of LED chips positioned to f omi a sec- 
ond:Connected.path around ttlie support. 

S^ The'Vehicle light source in claim 8; wherein the first 
"grbuij of LED chips provides a first circuit, and the 
sepohd group of LEi^^^^ circuit. 

10. The vehicle lightsourc^ in claim 9; wherein 

■ group of LED chips provides a first color, and the 
♦ . s >" si?c6nd second color. 

11; iTie lighting asserrlbly ill dart than 
one LED chip and whiei^in the LED chips Include 
LED chips of a first color and LED chips of a second 

- • cblqrjflh^^rst colors ahd^t^^ being 
V : ^ f bleri ded duiihg bperatibh^bf -^^^ 

i^^'^ ' 'Ingf a^jierceived th ■ c i:.: . i. 

12i ^'Vehicle: lightsburce'cornp^ : 

■' ' ai'feplabeable lamp capsfu 

- c^^^^ dl- 
. rectlon ^towards a field to-be n 
' ■ suppbrt supporyng one or m^ 

each LED device hiaving d predominate LED 
axis of light emission! the majbrity of the LED 
devices being oriented so their respective LED 
axis's fomri an angle with the forward lamp axis 
direction of ninety or more degrees; a replace- 
able lamp capsule having a support directly 
supporting one or more LED devices providing 
substantially direct emission of light. 

13. The light source In dalm 12, wherein the support is 
made from material having a high thermal conduc- 
tivity to conduct heat away from the one or more 
LED devices. 



14. The light source in claim 13, wherein the support 
includes a base structure induding a coupling to 
latch the light source to ari extemal body, the base 
structure further including a heat transfer element 

5 to thenfiaily conduct heat'from the support to a heat 
sink. . 

15. The light sburicb in claihfi 13, wherein the support 
indiideis a metal themial Conductor for ducting heat 

^0 frorh the LED device to 'ah exterior heat sink. 



16. The vehicle light source in claim 12, wherein the 
support has a head portion providing a surface sub- 
stantially ihtemiiediatet^^^^ of' the one or 
rftore LED devices and trieTield to be illuminated at 
least in the fonvard;dlrec^ipn. 

17, The vehicle light source in claim 12, wherein there 
are three or more LED devices positioned radially 
around the-supplort, eabh LED device has a field of 
illumination, and eaich radially positioned LED has 
a respective nearest neighbor radially positioned 
LED device, is oriented and has a sufficiently broad 
field of illumiriatibh so as to at Ibast partially overlap 
at least the field of illumiriatlon of the resptective 
nearest neiighbor radially positioned LED device. 



15 
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18. The vehide.light source In clalni 12, whereln.a first 
group of LED diwices^reVp^^^ acoh- 

30 hededpathaii'bund-thesu^^^ 

19. The vehicle light sburcbJn claim 18, fur^ having 
a seconcl grptip of LED^jdevlciBs positioned to fomi 
ai secbrid'corinbcted path around the support. 
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20. The vehicle light souiteiridaiiiil^ 

group of iiED devlceiprovicle a fl^^^^ and the 
second group of LED devib^s fontis ^^^^^ cir- 

• -cult.-: • '-"^^ • .'-i'--. v : . ' 

21. The vehicle light source in claim 19, whei-ein the first 
group of LED devices provides a first color, and the 
siBcond group of LED devices provided a second 
• colors ■ ■ • ■" •:•*•: • 



45 



22. The lighting afeserifibly In having hfibre than 
one LED device and wherein the LED^devices in- 
clude LED devices of ai first color and LED devices 
of a second color, the first color, and the second 
color being blended during bperatioh of the light 
source. providing a periceived third color. 

23. A vehicle lighting assembly comprising: 



55 



a) a replaceable lamp caj^sule having a support 
defining a lamp axis extending In a forward di- 
rection towards a field tb be illuminated, the 
support directly supporting one or more LED 
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chips, each LED chip having a predominate 
LED axis of light emission, the majority of the 
LED chips being oriented so their respective 
LED axis's f orni an angle with the forward lamp 
axis direction of ninety or more degrees; and 
b) a reflector having a reflective surface offset 
from and oriented with respect to a majority of 
the LED chips to jritercept the LED axises, and 
reflect tight^^ fjrprri the LED chips gener- 
ally In the forward direction to the field to be il- 
luminated. 

24. The vehicle lighting assembly in claiiri 23, where in 
the reflecbnhas a smooth reflective surface. 

25. The vehicle lighting assembly in claim 23, where in 
the reflector has a Fresnet type reflective surface, 

26. The yehicte Ijghting asserhbly in^d^^^ having a 
.reflector diameter to reflector height .ratio of more 

thari I^Qis . 

27; . The;yehicle lighting Q9S^^ claim 23^ having a 
reflector height less. than 5.0 centimet 

28. A vdhlcie lighting assembly comprising: 

a housirigiihaving^ a w^^ 

ittisshre leti^ laclhg^an en and a 

reflective surface supported inside the housing, 
the housing having an opening permitting ac- 
r . cess^1o the^nclpsed volur^^ 
a fBitrovat^le lamp,c^^ 

a support holding at least one L^D chip as a 
lightsource,the:Capsuie includingar) el^^ 
coupling electrl^^^ 

capsute- ppsitfoijed:^^^^ oplening to align the 
LED chip to direct light emitted from the LED 
chip substantially to the reflector for reflection 
to the tight transnrilssive lens. 

29- The vehicle lighting asse^ in plaint 28^ wherein 
a multiplicity of radially positioned LED chips are po- 
sitioned at an angle with reference to an axis ex- 
tending through the lens, such that a majority of the 
light emitted from therhajorlty of the LED chips Is 
reflected by the reflective surface through the lens. 

30. The vehicle lighting assernbly in claim 28, wherein 
the support Includes a mvJltipHdty of pad areas on 
a f orwaird portion of the support, each pad area pro- 
viding a respective first circuit connection electrical- 
ly connected to a respective LED chip; a mechani- 
cal connection providing support for the respective 
LED chip; and thennal conduction of heat away 
from the respective LED chip. 



a) lamp capsule having 

a base, 

an axis extending f ronri the base In a for- 
ward direction, 
5 a support extending from the base in the 

forward direction, and having a surface extend- 
ing circumferentlally around the axis, and 

b) a plurality of LED chips mounted directly on 
the support substantially directing light away 

10 from the forward direction. 

32. The lamp in claim 31, wherein a plurality of LED 
chips are mounted with each respective light distri- 
bution £0(is with an angle to the fonvard direction 

IS greater than ninety degrees. 

33. A vehlcleTamp comprising: 

a) lamp capsule having 
20 abase, 

an axis extending from the base In a for- 
ward direc^ioo^ 

a support extending from the base in the 
forward direction, and having a surface extend- 
ing circunriferentiaily around the axis, and 

b) .a plurality: of LED devices mounted on the 
support substantially directing light away from 
the forward direction. 

30 34. :the lamp in claini 3.1 , wherrein a plurplity pt LED de- 
vices are mounted with each respective light distri- 
bution axis with an angle to the forward, direction 
greatepthan oih^^eOf^^Sv : l^-^ 

35 35s The larpp irv claim 1 v wherein at ieastaififst LED chip 
hayiiig ^si0 wal^ and a s^ecor^d LED chi|9 having a 
simitar side wall are each:.anfangediappr^^^ 
tangential to the support to face perpendicularly 
away from the. support, each LED chip:andthe re- 

40 specdve side walls being adjacent one another^ al- 
beit separated one frprn another by a distance, and 
wherein the support has sufficieht curvature inter- 
mediate the first LED chip and thesecond LED chip 
such that light emissions nonnal to the first LED side 

45 face pass.unlntercepted over thie seoond LED side 
f ace to: a f leld to be Hlumlnated; 
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31. 



A vehicle lamp comprising: 
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